Vacuum, cabinet and open air drying of pomegranate fruit leather were carried out at various drying conditions to monitor the drying kinetics together with bionutrient degradation of the product. Drying curves exhibited first order drying kinetics and effective moisture diffusivity values varied between 3.1 · 10 À9 and 52.6 · 10 À9 m 2 /s. The temperature dependence of the effective moisture diffusivity was satisfactorily described by an Arrhenius-type relationship. Drying conditions, product thickness and operation temperature had various effects on drying rate and final quality of the product. In terms of drying kinetics and final quality of product, vacuum drying had higher drying rate with higher conservation of phenolic, anthocyanin and ascorbic acid that is connected to faster drying condition and oxygen deficient medium. Anthocyanin content was significantly affected by drying method, drying temperature and product thickness. Scatter plot using principle component analysis enabled better understanding of moisture transfer rate and anthocyanin change under various drying conditions. ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Pomegranate is a highly demanded and economically important fruit crop native to the area surrounded by Anatolia, Persia, Caspian Sea and India. Pomegranate fruit supply and demand increased remarkably in recent years because of the increase of pomegranate plantation areas, elevation of pomegranate exportation rates to the European and American countries, publication of scientific reports depicting the functionality of the pomegranates (Stowe, 2011; Vegara et al., 2013; Boggia et al., 2013) , and its desirable sensory characteristics such as bright red color, palatable aroma-flavor and beneficial natural compound content (Shahbaz et al., 2014) . Pomegranate harvest takes place during late summer and fall seasons and harvested pomegranates are either freshly consumed or transferred to the factories for processing into various food products. There are more than 400 food products available for human consumption containing pomegranate fruit or its derivatives. Harvested pomegranates are stored in controlled or modified conditions to extend their supply time during the year. However controlled storage of the pomegranates causes increased cost and lowers producers' profit and thus most of the harvested pomegranates are processed into various products, mainly fruit juice and concentrate. Pomegranate juice can be utilized for the manufacturing of products from different sectors such as cosmetic products, fragrances, phyto-tablets, medications, alcoholic and non-alcoholic beverages besides many food-stuffs. Pomegranate fruits are also considered as functional food because of their high phenolic compound, vitamin and mineral contents (da Silva et al., 2013; Ferrari et al., 2010) . Many reports showed the antioxidant activity and bioactivity of the pomegranates (Ç am et al., 2009; Mousavinejad et al., 2009; Ozgen et al., 2008) . Pomegranates were shown to have higher antioxidant activity than green tea or red wine (Gil et al., 2000) . Pomegranate extracts were shown to inhibit proliferation of human liver cancer cell lines (Karaaslan et al., 2014a) . Fruits, especially red ones, were determined as to be the dietary sources containing high amount of bioactive phenolic compounds. Thus, pomegranates have received considerable interest in recent years because of their abundant bioactive natural compound contents such as vitamin C, flavonoids, gallotannins, cyanidin, pelargonidin, delphinidin glycosides, (Mousavinejad et al., 2009; Gil et al., 2000; Seeram et al., 2006; Tzulker et al., 2007) and regular consumption of pomegranate is associated with cancer-chemotherapeutic effect (Malik et al., 2005) and prevention of chronic inflammation (Lansky and Newman, 2007) . Therefore investigation and development of the novel products for the processing of excessive pomegranate fruits is necessary.
Pestil is a traditional fruit that is commonly produced in Anatolia, Armenia, Lebanon, Syria, Arabia and Persia and known with different names such as 'Bastegh', 'Qamar el deen', 'Bestil', and 'Fruit Leather'. Many fruits are used for pestil production such as grape, mulberry, apricot, pear, and kiwi-fruit. Pestil is a sweet product with high nutrient content such as mineral, vitamins and considered as a rich energy source because of its high carbohydrate content. The main steps in pestil manufacturing are production of fruit juice concentrate, pouring the pestil mix into molds at certain sample thickness and drying. The health promoting nature of the pomegranate pestil arises from its high functional compound content. The phenolic compounds and anthocyanins are the main groups contributing formation of antioxidative properties of pomegranate products. Nevertheless, very little is yet known regarding processing conditions of pomegranate pestil. The drying process and thickness of the fruit leather are the main factors influencing the quality of the final product. And thus, in the scope of this study the effects of three different drying methods which are vacuum, cabinet and open air drying, different drying temperatures (50, 60, 70°C) and different product thicknesses (1, 2 and 3 mm) on pomegranate pestil drying rate and quality were investigated.
Materials and methods

Materials
Pomegranate juice concentrate (Punica granatum L. cv. Hicaznar) with 65°Bx was kindly provided from Limkon Food Ind. and Trade Inc. (Adana, Turkey) in September 2012 and stored at 4°C before commencement of pomegranate pestil (PP) production. Ethanol, gallic acid, 2,6-dichloroindophenol and ascorbic acid were purchased from Sigma Chemical Co. (St. Louis, Mo, USA). Folin-Ciocalteu reagent and sodium carbonate were obtained from Merck Co. (Darmstadt, Germany). All the chemicals were of analytical grade.
Preparation of pomegranate pestil
Pomegranate juice concentrate was firstly diluted to 40°Bx with drinking water and transferred to a braiser. Then boiled water -starch mixture was added slowly to the braiser by agitating under moderate heating ($70°C). At this point 30°Bx was reached and the concentration of the starch (wheat starch) was 5% of the mixture. The mixture was heated three more minutes. Then the mixture having 62.20 ± 2.10% (w.b.) moisture content was poured into stainless steel molds (10 cm in diameter) which were different in thickness (1, 2 and 3 mm) in such a way that molds were on clothes for a while, then the molds were removed and drying was carried out on the clothes. In the end of the drying, PP was removed from cloth by slight moistening to backside of the cloth.
Drying procedure
(1) Hot air drying was carried out within both cabinet dryer (Kendro, Germany) and vacuum dryer (Binder VD 23, Germany) at three different temperatures (50, 60 and 70°C). Air velocity in the cabinet dryer was 1.2 m/s. A vacuum pump (KNF Neuberger N810.3FT.18, Germany) was employed to create necessary vacuum (85 kPa) in vacuum dryer. During drying, moisture loss was recorded at 10 and 15 min time intervals for cabinet and vacuum drying, respectively till samples reach 0.02 moisture ratio (MR; a unitless parameter defining the ratio of moisture content at any time during drying to initial moisture content).
(2) Sun drying was carried out under direct sun light in September 2012 in S ßanlıurfa. The average and maximum outside temperatures were 26.8 and 32.8°C, respectively and air velocity was 1.4 m/s. Sampling was done from each experiment at the time when samples reached to 0.02 MR, and samples were stored at À20°C in falcon tubes until analyses.
Drying curves, calculation of effective moisture diffusivity and activation energy
Fick's second law is a widely appreciated equation to be used to explain the drying process occurring in the falling rate period for majority of the organic materials (Saravacos and Charm, 1962; Sablani et al., 2000; Saravacos and Maroulis, 2001 ). Fick's diffusion equation for slab geometries (Crank, 1975 ) is as follows:
where X is moisture content at any time (kg H 2 O/kg dry solid), X 0 is initial moisture content (kg H 2 O/kg dry solid), X e is equilibrium moisture content (kg H 2 O/kg dry solid), D eff is effective moisture diffusivity (m 2 s À1 ), L is slab thickness (m) and t is time in minute. Plotting of lnðMRÞ versus time serves calculation of the effective moisture diffusivity and a straight line can be obtained with a slope of (K) as expressed below:
Activation energy for diffusion was determined from the slope of Arrhenius-type equation:
where D 0 is the pre-exponential factor of the Arrhenius equation (m 2 s À1 ), E a is the activation energy (kJ mol À1 ), R is the universal gas constant (kJ mol À1 K À1 ), and T is the absolute temperature (K).
Extraction procedure
The PP samples were firstly homogenized with 50% ethanol (0.01% HCl) by using pestle and mortar. Extraction was carried out in a shaking incubator (Labline, USA) operated at 50°C, 180 rpm for 60 min. Then, the slurry was centrifuged at 6000 rpm for 8 min (Hitachi CT6E, Taiwan) and the supernatant was collected in falcon tubes and stored at À40°C until analyses.
2.6. Determination of total phenolic content (TPC), total anthocyanin (TA), and ascorbic acid (AA)
TPCs of samples were determined by the Folin-Ciocalteu method with gallic acid standard as described by Yılmaz et al. (2014) . Briefly, 30 ll of sample extract was pipetted into test tubes containing 2.370 ml deionized water and 150 ll of Folin-Ciocalteu's reagent was added onto the mixture. The mixture was then vortexed and kept at dark for 8 min. Then 450 ll saturated Na 2 CO 3 was added and allowed to stand for 30 min in the dark medium. The absorbance of each sample was read at 750 nm in a spectrophotometer (Libra, Biochrom, UK) against the blank. Various concentrations of gallic acid solution (50-500 lg/ml) were used to plot a calibration curve. Results were expressed as mg gallic acid equivalent per kilogram PP (mg GAE/kg). TA contents of the PP samples were determined by using pH-differential method (Wrolstad, 1976) . The results were expressed as cyanidin-3-glucoside (mg/kg) according to the following equation.
where A = (A k520 À A k700 ) pH 1.0 À (A k520 À A k700 ) pH 4.5 ; MW (molecular weight) = 445.2 g/mol; DF = dilution factor (ml/g); l = path length in cm; e (molar extinction coefficient) = 29,600 in L/mol/cm for cyanidin-3-glucoside.
Ascorbic acid measurement was carried out using 2,6dichloroindophenol titrimetric method (AOAC, 1975) .
Statistical analyses
Experimental data were subjected to analysis of variance (ANOVA) using SPSS version 15.0 (SPSS Inc., Chicago, IL, USA) and the p values less than 0.05 were taken into consideration. The effects of dependent variables were analyzed by multivariate analyses. Duncan test was used as Post Hoc test after applying homogeneity test. Data were also processed by principal component analysis (PCA) using XLSTAT trial version (Addinsoft, New York, NY). All the experiments were repeated three times.
Results and discussion
Vacuum, cabinet and open air drying of pomegranate pestil (PP)
One of the most important process steps of manufacturing high quality PP is appropriate drying of fruit leather mix under optimum dehydration conditions after pouring into the molds. Therefore three different drying methods at various temperature levels were utilized for the drying of PP for evaluating their mutual effects on the quality of the final product. Another important quality parameter that was evaluated in the context of this study to obtain higher quality PP was 'sample thickness'. Addition of little amount of starch has critical role in pestil production. Starch is doped (glaired) within boiling water, H bonds are rearranged and hence enables the pestil having jelly structure. The results of the experiments were evaluated by comparing drying time of the PP samples processed using different dehydration methods, determining total phenolic, total anthocyanin, ascorbic acid (AA) contents of the mix (before drying) and the final products'. In this study the effects of open air, vacuum and cabinet drying methods at 50, 60, 70°C temperature levels with different sample thicknesses (1, 2, and 3 mm) on drying rate and nutritional quality of PP were evaluated. The drying process was ended when samples reached 0.02 moisture ratio (MR) (12.4% moisture) by considering sensorial properties (elasticity, chewiness, appearance and color) of the samples and the literature data. The moisture content of the samples was measured periodically during drying process and the physicochemical properties of final product were also evaluated to compare the drying methods, drying temperature and sample thickness for deciding best production parameters for obtaining better quality pomegranate fruit leather.
The initial moisture contents of the samples at three different thicknesses were varied between 60% and 64%. The fastest drying of the PP samples completed in vacuum drier at 70°C and it took 25 min for the samples at 1 mm thickness, 40 min for the samples at 2 mm thickness and 60 min for the samples at 3 mm thickness. And as it can be seen in Table 1 , it took 150 min for the 3 mm samples to lower their desired moisture content at 50°C and it took 60 min for the 3 mm samples at 70°C. It is a fact that, compared to conventional methods, vacuum drying enables some distinctive characteristics such as higher drying rate, lower oxygen medium and hence high quality and nutritive dried food products (Wu et al., 2007) .
In our study, the fastest drying was completed in vacuum drier and followed by cabinet drier and open air drying. The drying process in cabinet dryer was completed in 35 min at 70°C for the samples at 1 mm and 60 min and 65 min for 2 and 3 mm samples, respectively, at the same temperature level. The drying time significantly increased together with the lowering of drying temperature. Drying process was completed in 150 min and in 290 min for the 3 mm samples at 60°C and 50°C temperature levels, respectively.
In the end of the drying, 1, 2 and 3 mm initial thicknesses of the samples dropped to 0.78 ± 0.03, 1.52 ± 0.06 and to 2.28 ± 0.03 mm, respectively. There was no statistical difference between drying condition and final thickness of the samples (p > 0.05).
As expected, drying time decreased for all sample thicknesses in parallel to increase of drying temperature. Fig. 1 displays drying curves for 2.28 mm thick samples dehydrated in vacuum (Fig. 1a ) and cabinet (Fig. 1b) driers. Several studies showed considerable increases in drying rate with increasing temperature levels (Ong and Law, 2011; Doymaz and _ Ismail, 2011) . Also drying process completed earlier in the samples dried at vacuum conditions in comparison with those of in cabinet driers. Apart from temperature, sample thickness affected drying rate considerably in all cases. Fig. 2 demonstrates effect of sample thickness on drying rate at 70°C as an example. Table 1 shows the drying time of the samples at different drying conditions, temperatures and sample thicknesses. Drying times for vacuum conditions were between 25 and 150 min and for cabinet drying was 35 to 290 min at different temperatures and thicknesses. Open air drying (sun drying) is the most widely used drying method in the world even for industrial applications despite known adverse impacts. Therefore, we have also investigated sun drying of PP by considering traditional production methods conducted by local people live in Mediterranean regions and PP samples were effi-ciently dried even if it took longer time to be dried under openair conditions (Fig. 3) . The thinnest samples were dried in 125 min under sun light and 3 mm samples were dried in 315 min at the same conditions. As thickness of samples increased, the drying time required to reach target MR increased. As a comparison; the drying rate was higher in vacuum conditions than cabinet dryer, temperature levels as decreasing order was 70, 60 and 50°C and sample thicknesses as decreasing order was 3, 2 and 1 mm. According to the results obtained in this study, both sample thickness and drying temperature significantly affected drying time of the samples (p < 0.05). An increase in sample thickness results in significant increase in drying time, by contrast an increase in drying temperature brings about significant decrease in drying time. The samples at three different thicknesses were also efficiently dried under open air conditions.
Effective moisture diffusivity and activation energy of drying
The effective moisture diffusivity (D eff ) values were calculated using drying data and Eq. 1. The D eff values are shown in Table 1 . The D eff values of the vacuum dried samples were ranged from 6.01 · 10 À9 to 52.6 · 10 À9 m 2 /s and from 3.93 · 10 À9 to 37.3 · 10 À9 m 2 /s for the cabinet dried samples and from 3.1 · 10 À9 to 11.14 · 10 À9 for sun dried samples. These values were comparable with previously reported values (Rahman et al., 2009; Gaware et al., 2010) . Different drying methods and temperatures displayed significant effect on D eff values. It can be seen that D eff values for the vacuum dried samples are greater than those obtained for the cabinet or sun dried samples. Kardum et al. (2001) resulted shorter drying times with higher drying rate and higher effective diffusion coefficient in vacuum drying than convective drying at 40, 50 and 60°C. In addition, temperature and sample thicknesses had significant effect on the D eff values (p < 0.05). In general higher D eff values found in the samples processed in the vacuum drier that is connected to faster removal of moisture from PPs and faster drying of the samples. These findings were well reflected by the drying data as the vacuum drying of the samples completed much faster in comparison with those of cabinet and sun dried samples. The effective moisture diffusivities of the samples increased in parallel to increase in temperatures and sample thickness (Table 1) . Similar results were reported by other studies. As an example, Jaya and Das (2003) studied mango pulp drying under vacuum and reported that effective moisture diffusivity values were increasing with increasing product thickness and temperature. The activation energy was calculated by plotting ln D eff versus the reciprocal of the temperature (1/(T + 273.15)), and presented in Fig. 4 . The activation energy was 47.65 kJ mol À1 for the 1 mm samples dried in vacuum drier and activation energy values were decreased as the sample thickness increases. The lowest activation energy was computed for the 3 mm samples dried in vacuum drier. In general activation energy values were higher for the samples dried in cabinet drier than those of in vacuum drier. Sample thickness and drying methods significantly affected the activation energy values. A decrease in the PP sample thickness resulted in a significant increase in the activation energies of the samples. Also it is clear from the data that there are significant differences in the vacuum dried and cabinet dried samples in terms of their activation energies. The activation energy values were demonstrated in Table 1 with regression coefficients. The value of E a shows the sensitivity of the diffusivity against temperature. In a grape pestil drying study (Maskan et al., 2002) , activation energy values were between 10.3 and 21.7 kJ/mol for the sample thickness between 0.71 mm and 2.86 mm. Our results are greater than those values. The difference in values may arise from the difference in production techniques (starch, drying temperature and air velocity) and difference in the composition of pomegranate and grape pestils.
Degradation of total phenolic, total anthocyanin and ascorbic acid
Long term temperature applications negatively affect the quality of dried fruits and bring about degradation of bio-functional food constituents. In our study, nutritional quality degradation was assessed in terms of total phenolic, total anthocyanin and ascorbic acid content of the samples. Effects of drying conditions of pomegranate fruit leather 5
Drying affected the TPC, TA and AA contents of PPs. TPC, TA and AA contents of the mixture before drying were 9873 ± 226 mg/kg (db), 824 ± 33 mg/kg (db) and 1711 ± 74 mg/kg (db), respectively. TPC, TA and AA contents of the samples were determined when samples reached the target MR (0.02 kg H 2 O/kg dry solid) and are demonstrated in Table 2 .
Drying temperature was the most important parameter on the degradation of anthocyanins (p < 0.01). Sample thickness and drying conditions also affected the final anthocyanin contents of the samples (p < 0.05). Several studies emphasized the temperature effect on the degradation rate of the anthocyanin during the process (Yang et al., 2008; Kırca et al., 2007) .
Actually, there were no significant differences among the phenolic compounds and drying conditions (p > 0.05). Final TPCs were between 75% and 88% of the mixture. de Ancos et al. (2000) suggested phenolic compounds may be deteriorated depending upon many factors other than just heat treatment. PPO activity is the major factor that triggers the phenolic degradation and many factors may have various effects on the PPO activity. The TA contents of the PP samples were reduced between 47% and 82% of the initial mixture. TA degradation was clearer than TPC degradation. This may be due to the fact that anthocyanins are more sensitive to heat than colorless phenolic compounds (Karaaslan et al., 2014b) . Also the temperature levels in this study were kept lower by regarding non-enzymatic browning reactions and degradation of bioactive compounds accelerated after 70°C.
Drying temperature and sample thickness have no statistically significant effect on the final AA content of the samples (p > 0.05). However, drying condition has significant effect on the final AA content of the PPs (p < 0.05). The AA Figure 4 Arrhenius-type relationship between effective diffusivity and reciprocal absolute temperature. contents were more conserved in vacuum dried samples and the highest degradation was brought by sun drying. Final AA contents of vacuum dried samples were 81-94% of the mixture, 62-75% in cabinet dried samples and 60-65 in sun dried samples. Vacuum has more AA retention that may arise from lower drying time and oxygen deficient medium. Methakhup et al. (2005) found increasing AA retention as drying temperature increased and also reported that AA retention is more dependent to oxygen presence rather than faster drying conditions. Mrad et al. (2012) suggested that ascorbic acid degradation should be explained by other factors such as O 2 and light.
Scatter plot by using principle component analysis
Scatter plot by using principle component analysis was utilized to differentiate and visualize a number of effects and corresponding responses in our study. This enables one making easy comment about study even if data are composed of confusing numbers and results. Fig. 5 is a plot showing the change in TA with D eff . It is easily seen in the graph that vacuum drier is superior in both moisture diffusion and conversion of total anthocyanin compared with cabinet drying and open air drying. Degradation of anthocyanin depending on temperature and sample thickness is also clear. It is also resulted from the graph that for one group of drying (i.e. vacuum 60°C) the higher the effective moisture diffusivity the higher the anthocyanin meaning that anthocyanins are more conserved in faster drying conditions. However, making such overall comment is not true. As seen in the Fig. 5 , the anthocyanin content corresponding the highest effective moisture diffusivity values (i.e. vacuum drying, 70°C & 3 mm) was lower. Drying rate and drying temperature have mutually significant effect on final anthocyanin content. As another example, Sun drying displayed lower anthocyanin contents even if it had similar effective moisture diffusivity values compared to vacuum or cabinet driers at 50°C. The scatter plot well enables optimization process for drying conditions and final quality of the product.
Conclusions
It is well known fact that drying methods, drying conditions and product thickness strongly influence the quality of final product. From an engineering point of view, drying operations should be handled by considering many aspects such as economy, final quality of product, consumer and preference The efficiency of the process can be enhanced by optimizing drying conditions. The fastest drying of pomegranate pestil was completed in vacuum drier and vacuum dried samples had the highest bioactive content when drying time is controlled to terminate at desired moisture content. PP samples were also efficiently dehydrated under open air drying conditions. This study well demonstrated the relation between drying conditions and quality of final products. Pomegranate pestil is desired because of its attractive taste, palatable aroma-flavor, high micro-nutrient content including bioactive anthocyanin, phenolic and ascorbic acid contents. Figure 5 The scatter plot visualizing total anthocyanin (TA)effective moisture diffusivity (D eff ) profile with varying thickness, temperature and drying conditions (red: 70°C, yellow: 60°C, white: 50°C; o: sun drying, D: vacuum drying, h: cabinet drying). Size of shapes indicates decreasing order of sample thicknesses: 3, 2 and 1 mm, respectively.
